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1,0 Abstract

Research into cne of the possihle ' oproaches to the
investigation of optimum analyticali and ‘orecasting '
techniques in weather analysis and forecasting was
initiated on 1 July 1652. 1In effect, this approach
consists of withholding from the meteorolcgist certain
combinations of synoptic data, yet requiring him to
forecast all the usual weather parameters including
those withheld.

During the time that the necessary charts were
being prepared for the main project, a pllot test was
conducted for the purpose of determining the character-
istics of the experimental design. The resultsof the
pilot test for sea-level and S500-mb data indicate
(1) that an effective deterioration of forecast scores
i1s noticeable only for severely reduced information;
(2) that variation of the forecast verification schemes
merely shifts the error level of forecasts without
affecting the score trends; and (3) that there exists
an optimum schems of reduction of dats furnished to the
meteorologist which results in a considerable saving
of time required for spotting, analyzing, and forecaat-
ing, without meterially affecting forecast scores.

In addition, an experiment was conducted witi
class of meteorology trainees; one section of this
class was required to forecast from previously prepared
prognostic charts that actually represented correct
analyses of the subsequent maps; another section of the
class was required tc construct their own prognostic
charts. The results of this experiment cannot be
considered conclusive at this time.

2.0 Personnel and Administration

2.1 The following persons were employed on the
project during the period in question: Dr. H. Neuberger,
Prafaggor of lUelccrnlace and Project Supervisor,
approximatoly 1/3-time withoui costc to the project;

Mr. V. Moyer, Research Associate and Assistant Project
Supervisor, full-time; Mr. I. Van der Hoven, Research
Assistant, full-time after 1 September 1952; and

Mr. David L. Joncs, Graduate Assistant, 3/4-time.

Mr. Howard Simmons, Supervisory Meteorologist, U. S.
Weather Bureau, Evansville, Indiana, is participating
in the analysis and forecasting of the final test data
without cost to the project. Dr. Hans Panofsky,
Associate Professor; Dr. Charles L. Hosler, Jr.,
Assistant Professor, and Mr. Donald G. Yerg, Instructor
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in Meteorclogy, assisted from time to time in the
capacity of consultants without cost to the project.

2.2 The following special students and upper
classmen served as technical assistants on a perte
time, hourly basis:

Mr. James P. Anderson
Mr. Floyd C. Elder

Mr. Wwilliam Holtzman
Mr. Lowell Krawite

Mr. Harry R. Mansfield
Mr. Evan J. Tibbott
¥-~. Prodiptc Roy

Mr. Robert B. Wassall

2.3 The scecretarisl work was performed, until
1 Septembar 1952, by Mrs. Xay Fisher at no expense
to the project. After 1 September, Mrs, Mary Wagner
was engagod as full-time project secreotary; she was
assisted from time to time by Mrs. Peggy Rase, without
cest to the preject.

3.0 Conferencos

3.1 Betweon 23 and 27 September 1952, Dr. Noudorgsr
and Mr. Moyer undertook a trip to Camdbridge, Massn
chusetts, and New York City for the purpose of conferr-
ing with Profossor G. P. Wadsworth, Dr. J. G. Bryan,
and Mr. William Paulsen, at Massachusetts Institute
of Technology, and with Professor James E., Miller, at
Naw York Tniversity, on the preblom of thoe accuracy
of short-range weather forecasts, the limitations of
westher varification systems, ana the philosophy of
non-isobaric analysis, While in Cambridgoc, the above
project members also visited the fir Force Cambridge
Ressarch Center of the Geophysical Research Directorats
where they met with Drs, Richard A. Cralg and William
K. Widger, and Messrs. Irving I. Gringorten and Ivor
Lund in a discussion of forecast verificatiorn. The
results of the conferences can be surmarized as
follows: (1) The handicap of reduced information,
particulsrly the omission of barometric pressure fr -a
surface weather maps, seems to be more psychological
than physical. The amount of information currently
presented is based on tradition rather than on
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ecientifically well considered needs. As e result,
the experienced forecaster revolts at the forcsd
task of forecasting from anything but the complate
map to which he is accustomed; (2) twc general
classes of forecast verification systems can be
considored: the multiple error point system in which
one or more error points are scored depending on the
degree by which the forecast item was missed; or the
binary system, in which an item forecast 1is oither
right or wrong. The latter system appears to be
preforable, notably from the point of view of utility
and of minimizing bias. This supports our original
position in this matter.

3.2 ir. David Jones visited the Nationel Weather
Records Center, Asheville, North Carolina, on 2§
August 1952, while on annual leave. Through the active
assistance of M¥r. Loslcy Smith, Supervisor, he was
able to obtsin the scasttarcd data that were missing from
the 0zalid WBAN Ansalysis Center maps which were used as
source of synoptic information.

3.3 LCDR Donald R. Jones, AROWA Project Officer,
visited the project in State College on 5 September
1652 for the purpose of discussing procedures. His
visit was followed by telephone conversations both
with him and with LCDR William J. EKotsch about mis-
understandings over the over-all purpose and procedures
of the axperiment, as well 28 contract details.
Considerable corrsespondence was required, subsequently,
in connection with ordering supplies and materials.

4.0 Investigations being undertaken

Prior to the 1 July 1952 start of the work, complote
plans had been formulated to put the project into
operation on the starting date without delay. An
offico, Room 318, was set 23ido in the Minoral Industries
Building for thc scle usa of project personnel. In
addition to the usual equipment and the necessary minor
supvlies, it was furnished with six drafting tables ard
4 portable light table to expoedite plotting and
analysis of maps. This office serves as permanont
quartors for Messrs, Moyer, Van der Heven, and Dav .
Jones, and provides working spacc for part-time tech-
nical assistants.

The proliminary planning includod tentative
decisions on the stations for which forocasts wore to
bo mado, forccast itoms, verification systoms and
tolarances, and the specific metoorological situations
to ba tested. Dr. Hosler assisted Dr. Neubcrgoer in
choosing ropresentative wintor and surmer synoptic
situations for tosting. The othor project personnel
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were not consulted durinyg this choice, since it was
desired to kcep them in ignorance of even the broad
features of the synoptic maps that they would later
be required to analyze and prognosticate.

From the multitude of possible "achemes" of
synoptic weather data presentation (factorial 12),
five logical combinctions werc chosen for toesting in
a pilot test prior to the start of the final analysis
of the two seleccted situations. Dr, Panofsky and
Mr. Yerg were consulted in the choice of these schemes
bocause of the statistical implications involved in the
future analysis of the results,

Also, Mr. Moyer developed a ncw base map, of
convenlent size and scale, that would include the fore-
cast arca as wcll as an adequate "influence zone" to
the west of this area (Enclosure I). This map was
printed by offsct proccss in sufficlient guantity for
thes duration of the projoct.

Because of the magnitude of the program with
consideration of time consumption in spotting, analyzing,

and forecasting from the taest maps, the forecast stations
wero rostricted to the area betwcen 259 N and 65° N

latitude and 30° W and 98° W longitude. Howover, the
influence zone was extonded to 110° W longitude.
Within thlis arca, the forecnst stations sclected were:

(1) Weather ship "Alpha," LYA

(2) Woather ship "Reta," LYB

(3) Moosonoo, Ontario, 836

(4) ¥oathor ship "Coca," LYC

(5) Intornational Folls, Minnesota; 747

(6) Caribou, Maine, 712

{7) Torbay, Newfcundland, 801

or
Popperrell AFB, Newfoundlend, 198
(8) Chicago (Jolist), Illinois, 534 (JOT)
(9) Buffalo, Ncw York, 528

(10) Nantuckct, Massachusetts, 506

mu1mc‘wl‘ &
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(11) Weather ship "Delta,” LYD

().2) Kansas City, flusouri (Fort Leavenworth,
Kansas), hﬁé (FLV)

(13) Nashville, Tennessee, 327
(14) Hatteras, North Carolina, 304

(15) Shreveport (Bsrksdale A¥R), Louisiana,
2,8 (BAD)

(16) Pensacola, Florida, 222
(17) Xindley AFB, Bermuda, 016
(18) ¥eather ship "Echo," LYE
(19) Brownsvillas, Texas , 250
(20) Miami, Florida, 202

The stations 1isted in parentheses are the uprer air
sounding stations nearsst the indicated surface stations.

Although it had criginally been anticipated that
I.B.Y. methods would bs used to analyze the results
of the tests, these procedures were found, after
consultation with College experts, to be too inflexible
for our purpose; therefore, McBee Keysort cards were
designed to facilitet e subsequent analysis (Enclosure II)

4.1 pPilot test. During the serly weeks of July
all project members vere occupled in plotting the data
for a pilot test which was designed to test the
experimental schemes of data presentation and analysis.
Teletype data were used for trnis test, there beinr -ix
maps analyzed for aach scheme. The slituation analyzed
covered thc period from 1235Z of 1 July 1952 through
00352 of li July 1952, the continuity followed. thus.
consisting of 12 hours.

For purposesof plotting ease, tha synoptic code
was rearrenged as follows:

(1) Land Stations: 1iidd ffNww  Cy; N h.CyCy
LVVT4Ty TTPPP  appWR, 7RRBcs

(2) Sea Stations: @@¢ LLL dd ffww C/ N h C.C.
hVVTde TTPPP  appWRy DV,

e s a0 o A,
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Also, mimeographed forms were used which contained the
reporting stations in a given order to facilitate
spotting with Ditio ink: 11.e., the stations were
iisted from within latitude bands running from west

to sast, starting at the north of the map, such that
the spotter could avoid smudging data already spotted
and not yet dry.

The following schemes were chosern for providing
synoptic data:

VA4 A AV VIV s &2 VA
!/ /¥y G/ [ c.Cub//// TTRPP app// /717 /

1i11dd : IfNww cL// €,y uVVTde T/// appWR, TRR//
111// //New ¢/ 4 C.C. LVVI T, TTPFP appWR, TERY/
1iidd ffNww €_T h C C_. LvVvT

Pl 4Tq TTPPP apo™R TRRD s

All six maps of each 3chene were anaslyzed and
prognosticated before work wit: the next scherme was
started. The schermes were analyzed in reverse order
viz., scheme "E", scheme "D", etc. "hile the technical
assistants wore occupied in trsnscribing cata for
the main test, from the 0zalid coples of W3AN-1l sea-
level and 500-rb analyses of the '"BAN Analysi:c Center
supplied to us by LCDR Donald R. Jones, Messrs,

Moyer and David Jones conducted the pilot experimant.
Nejther of these ™an cor.oared analyses duriang the test,
nor were their forccastgaverified until all had been
submitted. Each =:an drew fro: his versonel axperience
in analysis and forecasting and used whatever device
was possible within the linitations of sach given
scheme. No utternt was mnde to force either nian to

use any of the so-called standard methods of prognosis.
That is to say, if one of tho forecasters chose, for a
particular man, to be complctoly subjective and to
rely entirely upon intuition, hc was at liberty to do
2z; on tha other hand, 1f he atfarnptad to aoply
objective forccasting rules and methods in his pr. ..o8%s
again he was fres to do so.

Because of our d:sire to accorplish this test
within a =inil um of time, only incompletse upver air
charts were =2t first nvailabloe; they ceonsistsd of
500-mb charts <f irrcgular continuity, drawn by
students in their syvnoptic laboratory coursc. However,
after it became apparent that the pilot test could be

1 s a1 1

k.
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completed well within our self-imposed deadline, &
similar experiment was conducted with 500-mb data for
the same period, with charts specially prepared for
this purpose. The five schemes of data presentation
at this level were:

E. i1aa tt/// 1/ /

D. 111//  //ann /// /
C. 1i1da te/// ™/ /

B. 111// //mhh 1T/ /
A. 111da ffahh TTT T
da

The procodure in this phase of the pilot experiment
was precisely the same as that for the sea«level data.
All six charts of scheme "E" were analyzed and
prognosticated before the forecaster turned his attention
to scheme "D", etc. During this phase, the previouslye~
analyzed "AY scheme of sea-leval maps was used as supnlew
mentary information,

No tims limits or deadlines were imposed upon the
forecasters during the test run. Since a tima study was
conducted for this experiment on the same basis as that
planned for tha final test, it was believed essential
to let each individual set his own pace. Also, because
the personality of the forocaster certainly enters
into the facility w~ith which he arrives at a forecast,
the results obtained were not biased because of this
factor. Every offort was made to achieve realism dur-
ing the process of the experiment, except that it w-s
not possible for tho forocaster to determine the troend
of vgorification of his forocasts, as would bs the case
during normal woather station operation. Thils exception
is unfortunatoe, perh2aps, since it did not permit normal
adjustments of analyses or foroecasts in conformity with
developments in the syncptic rattern: on the other hand,
this practise resulted in an investigation of minimum
operating procedurcs, since the forocasters were required
tc work under what wu can assume to be the extrome
possible handicaps.

To accelerate accomplishment of the goel of the
pilot tost, only ten of the forecast stations named
above were ccnsideresd. Thess were:

(1) International Falls =

(2) Kansas City (Fort Leavenworth)



(3) Nashville
(4) Ratteras
(5) Miami

(6) Bermuda

(7) Ship "Echo"
(8) Caribou

(9) Ship "Delta"
(10) Ship "Alpha"

Searlevel ocrecast items included (1) wind direction
and speed, (2) sky condition or present weather,
(3) ceiling, (4) visibility, (5) special phenomena
(fog or thunderstorm), (6) prucipitation amount,
(7) temporature, and (8) dew point. 500-mb forecast
items included (1) height-change, (2) temperature-
change, and (3) wind direction and speed. Forecasts
were verified on the basis of slight modification _.
tho system suggested in Pulk and Murphy, Workbook for
Nenthor Forecasting, Prentice Hall, New York, s

P-4,
4,11 Results of the Pilot Test

The main results of thc pilot test for the surface
data ars as follows: ¢

(1) The maximum difference in zcore between

the two forecastcrs for a given time and scheme
wos 22%, whoreas the maximum difforence between
stetion forecasts for one forecaster was 37%.
Table I gives thc rangss of the per cent errors
of tho total scoros for csach forscaster and for
various schomes,.

Tablo 1. nenges of pcr cunt Oricrs O toial
surface scoros for two forecasters
and various schemes.

Schemes Forccastcr Forecaster Both
II Forocastors -
A lbgnsv =01 1
B 20-43 %:ia 12-3)
c 23-}2 1 15
D 16-Eo 9;&6 12-42
E 18-48 1040 lh-k2
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Forecast stations for pilot test.

Fig. 2.
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(2) The difference in score between l2-and
«hour forecasts for each forecaster and for
both forecasters was negligible as compared to

the difference between other perameters such
as stations and forecast item. The maximum
differencoe in score for forecaster I was 1%
and for forecaster II, 17%. Table II gives
the average per cent errors for the various
schemes for both 1l2-and 2L=hour forecasts,

The numbor of forecast items per man per
sciiome was 432 for 12~hour and 44O for 2l -hour
forecasts. The total number of surface items
forecast by each man was 4360,

Table II. Average per cent errors for
various schemes and for 1l3-and
2j=hour surface forecasts,

Scheme Forecaster I | Forecaster II [Bo*h Forecasters |
12 b [ Oh b |17 bro oG hrd i be. | 2% By
A 26 28 2l 2l 25 26
B 31 28 20 2o 26 2y
C 32 30 22 28 27 : 29
D 32 31 28 27 30 29
E 33 3, 13 31 32 33
(3)The effect of the scheme on the score for
various stations was very irregular,
although the scorcs for of 10 stations
wore best for scheme B. The forecasts for
3 of the L4 remaining stations were scc.ad
best for this same scheme. Table III shows
the average per coent errors for various
stations And schemes, with the best score
for cach stntion underlined.

Teble IIT. Averago per cent surface forecast
errors for various stations and
schemea

~ 7 ot — - At
Scheme STATION NUMBER e
W] 2| 446 327 3041 202 016| Lya 1-;m1 4YE|| stationg

A Je 160 (2l Y28 120 | 2b gg_ 43 33110 25

R R

C 3 1 26 29 15 27

D 123'22 25 132 {29 | 32 321;2&7 12 30

_E 26 132 130 2 129 |37 1Uh2 o |1l 33
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Figure 3 shows graphically the proncunced
trend toward score deterioration that oexists
with reduced information for stations 016,
446, 304, and 712. There is very little
trend for stations 327, 202, 4YD, and LYE,
while stations 747 and LYA show irregular
seore varlations., However, it can be noted
that those stations with low error scores
show a more significant trend toward score
deterloration with reduced information, than
those with high error scores,

For a further appraisal of the effect of the
various schemes on the forecast scores, the
frequencies of four groups of per cent orrors
were determinod for the several schemes,
Figure L shows this relative frequency distri-
bution. A significant deterioration in score
i1s evident only for schemes D and E where the
total frequency of the two highest error
groups is 454 and 65%, respectively.

(4) The effect of the schemes on scores for
various foroecast itcms 1s strong only for
present weather (WW), tomperature (TT), and
dew point (T,sT5) , with a slight effect for
wind force (QF? and no effect for visibilit
(VV), wind direction (DD), and rainfall (RRY.

For cloud heights ( hehg), the forecast seems

to improve slightly with reduced information;

but this result cannot be considered significante.
Tabloe IV summarizes the effect of the schemos

on tho forecast items. The underlined v:. .8
represent schemes which do not include the
parameter listed above the indicatod value.

Table IV. Effcct of schosmes on per cent
error score for various forecast

itoms.
Schero !"I DD | FF | Wi | hybd VW | RR | TT | TqTq | average
A ligje7 | 38|35 | 12 29 | a7] 27 26
B 20|k | 37 13{ 26 | 17| 25 25
: gg 2 h% RABAE: 3 %
D :
B HEHIELEIET IR
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(5) The effect of the verification systc:s. on
thoe results as presented in Table IV was
tcsted by employing a second, slizhtly

more rigorous verification system. Figure S
cloarly shows that a more rigorous verifica-
tion systom increases the error score
without materially affecting thc trend
introduced by the schemes,

From the above rosults the following conclusions are
drawn and discussed:

(1) The scores of the two foracasters and

of 12- and 2hj~hour forscasts can be taken
togother and treated as one statistical
population. This appoars to be in agrssment
with the results presented by G. P, Wadsworth®
Whether or not this will still hold in the
main tost of the project when mcre forecasters
are employed whose backgrounds are no longer
as homogencous 28 in the pilot test will have
to be invnstigated by means of the main
forecast material.

(2) In genernl, the trond tcoward score
deterioration with reduced information 1s more
evident for stations with low error scores

than for those with high crror scores. This
may appear to be a trite result, because,
6+8es; in the nbsurd case of completely wr .ng
forecasts for scheme A, the score coull not
possibly detoriorate with reduced information.
However, it can be sesn from Table III that
even the worst ccore for station LYA could
have deteriorated to a considerable extent.

(3)The offect of weather variability at
varicus stations is apparent from the trends
of the scores, This 14 particularly evident
whon the scoros for station LYE in the
subtrtopical anticyclone are compared with
those of station 4YA which lies in the North
Atlantic storm track, This clenrly points
to the necessity for separate analysis of
tha forccastae for 181712031 stavioas during

______ Alivals v A varand

the main project.

(L) Tho case of forecasting varies widely for

3

"Accurncy of Short-Range Forecasting Comparative Evalua-
tions", GRD Contract RNo. AF19(122)EA7, G. P. Wadsworth,
Project Director, Massachusetts Institute of
Technology.
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different forecast items, with tho resuit
that the more difficult items such as ww,
h.h,, and T4T4q tend to dominate thetotal
séores. Thgs fact requires further study
concerning the forecast scoring system,
particularly with respect to the forecast
limits. It is also important to note that

tho fcrecast sydtem
aprlied to the main
what different from

snd tho scoring system
rroject will be some-
those used in this pilot

test., For example, VV, ww, RR, and hch
c

will be forecast in groater dotail.
Incidentally, the forscasters will remain
uninformed of tho sccring system to avoid
forocast bias.

(5) A mors rigorous verification does not
grcatly influence tho trond of the score,
although it tonds to increaso the error.
This statemont c2n, obviously; be valid only
within ccrtailn limits for ronsons similar

to thosa mentionod in conclusion 2 abovc.

tost gave tho following results when the
date wcro analyzod:

(1) Tho differenco between 12- and 24-hour
forcecnsts was not negligitls for the ld-hour
helght change (AH) end the 12-hour tempera-
ture change (AT), although the differencee 5
botwoen 12~ and ~hour forocasts in wind
specd (FF) and direction (DD) was still slight.
Figuro 6 shows the effect of 12- and 24~ hour
forscasts ¢n ocach forecast item for the

various schemes. The circled pcints indicate
that in the particular schemo, the item
represented by the curvo was missing from the
analysis information which the forocaster

had available.

(2) Tho averago error socre for Forecrnater T
was 28% in the 12-hour forecasts and 34%

in the 2j-hour forscasts. Forecaster II
avoraged 2L& in 12-hour and 34% in 24-hour
forecasts,

(3) The offect of the various schemes on

each particular forecast item is not at

nll clear. However, Figuro 6 shows that for
the 2. -hour forecast o AH, tho accurac~

for tho schoemes in which the hoight was

missing was considerably loss than for schemss

in which the height was givon.

v
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(4) The over=-all deterioration of forecast
accuracy appears significant oniy for scheme
E. Tho average per cent orror for schemes

A and B is 25% and 27€, for schomes C and

D it is 318 and 304, respectively, and -
schome E the average por cont errors reacucd
a maximum of 36%.

Figuro 7 combinos both 12- and 2l ~hour fore-
casts and ropresents the per cont errors for
onch stntion and schome. MNo definitc deteriore
ation trond is ¢vidont. For example, the per
cent orrars for station 747 scem to decrease
with decroased information, whoreas stations
304 and LYE show the oppositc trend.

As wns done in the case of the surface test,
a rclative frequcency distribution was detor=-
mincd for four groups of por cent errors and
for all schemes. Tho distribution is shown
in Figure 8. Yo pronounccd trond socems
evident in this distribution.

From the cbove results the following conclusions are
stated and discussoed:

(1) There 1s a pronounced difforcnce between
the 12- and 2jj~hour forccasts of tomperature
changc and height chango. Whother this fact

is the rcusult of the wverificaticon system

or of the variability »f the farocast parameter
in qucstion, is not cortain at this time.
However, there seoms to be no rcason why
tomporature and hoight ghould vary to arn—
grontcr extent than wind direction and sp..d.

(2) The averago scores of tho two forocasters
wero vory similar oveon whon divided into

12- and 2i=hcur forscast catogories. This
conclusion scems to ge along with similar

rcsults obtained in the surfaco pilot test
annlyais,

{3) Scorc doterioration as o function of the
schemo usad doos nst seem to hold as well

as tho case in the surface pilot tost. Only
on the avcrage did schemo E of the upper ailr
tost show any marked deterioration. When

the data were broken up into individual
stations, the doterioration 2s a function of
tho scheme showed opposite effects in many
ccses.
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In addition to the score aralysis of the surface
and upper air pilot tests, a time study was also
made, Tuble V gives tho average time in minutes
spent in spotting, analyzing, and forecasting for
each schiemo.

Table V. Averaoge time in minutes spent
in tho spotting of, analyzing
of, and forscasting from the
map series,

cheme | A B o p | E

nalysis 9 | 96 69

orecast-

bng 418 61 | 61 L7 78
Bverage f’]‘) 751 73 52 23

potti 137 102 93 3
E:o ng 3 6l 8&

An inspeciicn of the averages listed in Table V shows
that schemcs D and E took 30% less time than schemes,
A, B, and C. Obviously, a major faccor in this 30%
difference 1s the decrcascd time spent in spotting the
rocduced informaticr, 3inalysis time remained fairly
constant, whercas forocesting time was greatcst for
sacheme E ancd loast for scheme D. This last rosult is
obviously duc to the fact that a rorzed rcsponse 1is
required of the [orocastecr. Ho naturally objocts to,
ond consequently hesitates in forccoesting from a map
that he feecls furnishos him with insufficient infor-
mation to porform the task at hand.

In tentatively appraising the optimum over-all
conditions for spotting, analyzing, and forecasting
with due consideration of the forecnst scorcs, it

Armnrnana $hnd anahcrmAa N marmnaaanta Fha amannnmde A0
WP POUL O VLU DUnalnU s U ps UL Laive vl danviiiv Ul

information that rcduces the time to tho groatast extent
wiiiiout significantly affecting the forecast accuracy.

As a rcsult of the pilot tost the f llowing goneral
remarks can be made:

(1) Onc of the primary results of the
piliot test was to give tho projsct members
a "feol" for the procodurc and tho
difficulsies involvod. For instanco, as

a result of going through the five surface
schemes, it was decided to ada a sixt*

{(F) schemo, since it was thought noceasary
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to start off the anolysis procedurc by
foreing the forecaster to draw air-flow
lines without tho aid of prcssure data,

(2) The tost clcarly brought cus ewne forc
that station location and sometimes the
length of tho forccast should bc considered

as paramctors whon the main tost is analyzed.

(3) Tho most perplexing difficulty is the
chcico of the verification limits. This
problom is now being thoroughly reviewsd
by staff membors not directly ccnnocto.
with the projcct. Fortunatcly, the work in
analygzing and forccasting will not be
dclayod Yocausc of this difficulty, since
th: forccaster will not be informed of the
veriflie-~tion luimits. In addition, in cnse
two werificntion systcms arc decided upon,
the punch-card systom to be used will allow
space for twe such verificoti-n schemes.

(L) An important part of tho test was the
time study. In deciding the over-2ll
foasiblility of one informaticn scheme
against another, the cmount of time saved
ir spotting, oannlyzing, and forocasting
should ropresent an important factor.

4.2 Prognostic Chart Exporiment

On 11 August 1952, Mr. David Jonos initiated an
experiment in thc rogular synoptic metocrology
leboratory classes in which 37 undergraduate ond special
(Air Force officer-traince) students participatod.

This test ccnsisted of (1) dividing the group into

two swvctione, cackh of which worked independontly
without opportunity for intcresmmunication, (2) giving
ono section prepared prognostic charts (on the forecast
forms) that consisted cf the aetual positions of fronts
and pressure conters as detormined by pro-analysis

(bv nrnienat membora) of the next two maps ( i.c.. 2=
and 2i-hour "prognostic" positions), (3) roequiring the
other scctli~sn to construct 1its own prognostic charts,
and (l}) requiring 211 students to make 12- and 2j-hour
forocasts for tho following stations:

(1) Moosonoc, Ontarin, 836
(2) International Falls, Minnesota,7L.7

(3) Carivou, Maine, 712

o i aen bl A T
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(4) Chicago (Joliet), Illinois, 536 (JoT)
(5) Buffslc, New York, 528
{6) Nantucket, Massachusetts, 506

(7) Kansas City, Miasouri, (Fort Lenven-
worth, Kansas), 446 (FLV)

(8) Nashville, Tennessee, 327

(9) Ratteras, North Carolina, 304
(10) Brownsville, Texas, 250

(1.) Miami, Florida, 202

(12) Kindl.:y AFB, Bermuda, 016

Forecsst i1toms i:clud2d in this test were: sky
cover, wind dircction and spsed, prosent weather,
ralling, visibility, precipitation amount,temperature,
dew point, 700..mb temperature, 700-mb height, 700-mb
wind speed c2nd direction. The maps used consisted of
a six-map serios of North American ssa-level and
700-mb charts of 1l2-<hour continuv:ty. They were obtained
from Weather Training Supplies, Inc., Cambridge,
Massachusstts, cond covered the pcriod from 1835Z on
15 December 1946 through 0635Z on 18 December 1946.

A second Test wags conducted under the same

conditions but using Northern Hemisphere sea=level
maps of 2lj-hour continuity, wnich hu! been obtained
from the Department of Meteorology, Now York University
for the period from 1300Z on 1 Merch 1937 through
1300Z on 6 March 1937. Only 2i-hour sea-level forecasts
for the following stations were requirecd:

(1) E1 Paso, Toxas

(2) Cape Race, Newfoundland

(3) London, England

(4) Algiers, Algeria

(5) Moscow, U. Ss S. R.

(6) Bukhara, W. Uzbok S. S. R,

(7) Irkutsk, Irkutsk
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17.
(8) Canton, China ]

(9) Dutch Harbor, Alaska ;
(10) Honolulu, Hawaiil

Porecnst ltoms included in this test were sky coverago
wind dircction and speod, present weather, eeiling,
visibility, past wsather, and temperature.

The verilication systems used in both tests are
similar tc that uscd in tho pilot test.

%.21 Results of Prognostic Chart Experiment

The 37 studants wzare divided intc two groups of
18 and 19,respectively, 'nd placed in different rocms.
The groups were instructed to avoild discussion,
comparison, or collusion of any kind while analyzing
charts and making forecasts. Group A wes issued surface
prognostic charts for 12 and 2L hours from the time of
the mans the students .iere to snailyze. Group B was
issued the same pre-plotts3 charts for analysis but no
prognostic charts., Halfl way through the experiment
this procedure was reversed: GCroup B was 1ssued the
prognostic charts, Group A was not. That step was
taken to cancel whatever forecasting superiority one
group might have over the otluer.

A tot") of 4l forecasts, of 13 items each,for 12
stations was obtained from the first §. American and
N. Atlantic)b-map series; 2156 forecasts, of 8 items each,
for 10 stations from the se:ond(N. Hemisphere)map
series. For the first series the lyly forecasts were
composed of four groups of 111 forecasts;ilZ-hour force
castswith prognosis, l2-hcur forccasts without, 2h~hour
forecasts with, and 24-hcur forecasts withocut. In the
second series the 218 forecasts,for which only 24-hour
continuity was avaflable, were composed of two groups
of 111 with and 107 without prognostic charts. The
forecasts were vorified on a "parcant-corract" basis and
mesn group scorss computed, showing the following results:

First 6-Map Series

Mean score 12-hr. forecast with Proge......65.9%
12-hr, forecast without prog....é&.ﬁ!
Superiority prog over no-prog l2-hr forecast..se«.s1.2%

Mean score ah-hr forecast with prog.............60.2%

2h=hr forecast without Progesecsseess97.7% _

e B
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Superiority prog over no-prog 2li-hr forecast.....2¢5%

Second é-Map Series

Mean score 2l~hr forecast with Prog.eccccccceceeb7e2%
24-hr forecast without Prog....s.e..268:6%

Supel‘iority nO-pl‘Og over prcg.onoo..oo.oooooooo. IQM

;.211 Statistical Analysis of Results of Prognostic
Experiment. Because the differences in ssores
between the prog and no-prog charts were amall,

it was necessary to determins whether or not these
differences werse statistically signifisant. No
eignificance test was made for the results of the
gacond map series for reasons which are outlined
in section {.213. A frequency distribution for
the hljly foracasts of the first map series was
complied and a frequency polygon constructed.

The first frsquency polygon wes revised with
seemingly unnecessarily small clase intervals for
reasons discussed in section 4.212. The frequency
polygon is shown in Fiﬁure 9. oStandard devia-
tions computed by the "short"™ method were as
follows:

Standard Deviations of l2-hour
Forecast Scores

with prognostic charts L) 4
without prognostiec charts .2e05%
Standard Deviations of 2li<hour
Forecnst Scores
with prognostic chorts 6.82%
SALTout EroEieesit Sheun ?.€2¢

The standard deviation of the differences of means,
ga, was coriputed from the formula

- 2 /2
L, w
| Ng- 1 Nb-1J

B e e ) s
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2

where 6762 and o—b are the variances of

rorocasting scores in Group A and Group B,
respectively, and N, and ¥, the number of
particivants in Group A and Group B, respectively.
The means differed by 1.63 standard deviations
of the differ nces of the means for the l2-<hour
forecasts and 2,65 standard deviations of the
differonces of the mcans for the 2l -hour
forecasts. Taking,conservatively, 3.0 standard
deviations &8s a basis for determining significsane2,
the percentage diffurences between tho forecasts
with prognostic chartsy and those without were not
significant. However, the underiying assumption
that the a bove forecasts were uncorrelated was not
justified since a low soore by Group A was
accompanioed by a low score by Group B in the case
of difficult forecasts; high secores by both Groups
in the case of relatively easy forecasts. That
fact led tc tho developmant of a morc coaplicated
statistical sisnificance tost.

4L.212 Corroction Factor Applied to Statistical
Results of Prognostiz Chart Experiment. Five

factors contributed to the variation of the
individual foraecasters'acores in thoe prognostic ohart
experiment: (1) superior forecacting abilit; < one
Group; (2) presence or absince of prognostic charts:
(3) difficuity of the synoptic situation; (4) indiv!
dual forecasting skill; ané (5) random influences.
Variations in scores bacause of (1) were eliminated
by computing mean scores {for each forecast type

and by rotating issuanca of prognostic charts betwzen
the two Greapse. This loft (2), (3), (4), and

(5) rosponsible for producing the diffarences in

the mean secores made under each forecast type.,

The effect of the difficulty of diffsrent fore-
casts is shown by the following exemple: The mean
score for all participants for the Zﬁ-hour fore-
cest from the third map was 50.0%, whereaa the
mean score for all participonts for the 24-hour
forecast from the sixth map was 68.6%-- e
difference of 16.0%. IiL wus observed that if all
8ix forscaste of euch type could De reduced to the
same degree of difficulty, the remaining difserence
could be attributed only to (2), (4), and (5).

The difficulty of a forecast can be meaaured by
the differcnce batwoen t he mean score for all
forecasts and tho mean score for a particular
forecast. If this diffcrence is added to each
individusl forecastcr's score to yield a corrected
score, this corrccted score should be independent
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cf the difficulty of the forecast. Furthermore,

1% s2sema rcascnable to assume that no correlation
oxists batween the corrected scores ol Group A

and those of Group B. With this assumption,
corrected scores were computed and their stendard
deviations founéd from t he standard deviatior -~ the
uncorroctcd scores by & formula derived by Dr. Hens
Panofsky. Thc derivation of the fornwula is
rcoroducsd and oxplnined in t he Appendix to this
Progross Report. The standard deviations of the
corr:-ctoed scorvs were as follows:

Standard Ceviations of Corrected 12-Hour
Forccast Scorcs

‘-Vith p!‘OgnOBtic charts. ® s o0 00006000 e oh.l“
without prognosiic chartS..eeeececeee.olic91%

Standard Deviations of Corrected 2li-Hour
Forgeast Scorus

tith prognostic ch&l‘tS. ®o00e 0050500 o.h.aﬁ
without prognostic chartse.....ecccee-lfa9

Tha fact thot these volues ars considerably

snaller than the stondard deviations of uncorrocted
forecast scores indicatcs o grcat influenco of

the rolative forocast difficulty on the varlation
of the forecast scorcs. Quantitatively, the
variance because of the variation of the differsences
of forecast scoros accounts for approximntely half
the total veriance of thce forccast scores.

From t he standacd doviations of the corrected
forecast scorcs, o _ was rocomput:d. The
differer.ces in tho mBans of scores of Groups A
and B wero 2.16 o<, for the 1l2-hour forecasts and
.0l o for tho 2&-hcvr fereccasts,  Acecording

to theso®figuras, tho score difference in favor of
the prognostic chart's offect on thc foraocasts

is significant in the cas¢c of the 2l-hour forecasts,
and possibly so in thc case of the l2-hour fore-
casts, depending, of course, on whather the 2-

or 3-standard doviation limit is used as a
criterion of significance., Thoe fact that the

differ nce in scorcs is statistically significant
may have 1little proctical value since the differancs



3 & (o a
SR
©

21,

in the case of 12-hour forecasts was only 1,42
and in the case of 2j-hour forecasts 2,5%,

The frsquency of corrected scores in any one

class interval of the frsquency distribution was
greatly increased, so that class intervals of

3%,as in Pigure 9, seemed justified. The frequency
polygen constructed for the corrrected scores

is shown in Figure 10.

4213 Additional Factors Contributing to Results
of Ppogriostic Chart Experiment. The statistical
results shovn in the preceding sections are
necessarily basocd on the assumption that the
forecasts by each man weroe made independoently.
Although therc was a supervisor in each laboratory
at all t imes throughout the cxperiment, assurance
thst theroc was no collusion betweonforccastoers

was not positive; in fact during the second
(Northern Hemisphero) sories it became clear that
the requirements outlined in soction .21 wore

not being followecd. Several foreccasters admittod
that they did not use the prognostic chart when
making their forecasts. Othermfound it oxpedient
to retain by momory, or copv; tho prognostic chart
from day to day. Because of theae circumstances
it was feit that the results of the second series
were meaningless; honce no statistical significance
tests werc attempted. The laboratory supervisors
foeit that such was not tho case during tho first
(North Amorican) serics, howevcor; hence the results

may be indicative of the offect of a2 "100% accurate”

prognostic chart,

Statisticsl significance in general means that a
conclusion is likely tc be valid for a population
out of which the givon samplc has beon drawn ..t
random. In particular, this moans that tho
expsriment describced has only shown that prdgnostic
charts are usoful for tho typo of personnsl tested,
but are not noccssarily uscful, or may 5o moro

useful, for oxpcricncod forecastors in tho Fisld,

Because of thc difficulties inveolved in supervising
a largs laboratory group, thc oxperimont is boing
repeated at prescnt using a small numbor of mon
doing 2 large numbor of forocasts. Furthormoro,

it is plannod to verify only those forocast:

items that would dsfinitely bs affectcd by the
precsence or absonce of a correct prognostic chart.
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5.0 Future Plons

(1) The projoct team is anticipating a visit,
carly in October vy LCDR Paul M. Wolff and LTJG Robert
R. Dickson, of Bureau of Aeronautics Project AROWS.
to State College. The purpose of this visit will one
to eliminate evidences of cross-purposes in the
investigation ~2nd to acquaint LTJG Dickson with the
details of previous and planned work in anticipation
of his collaboration in tho amalysis d€nd forecasting
of the final test data. LTJG Dicksont's participatiocn
will be treated on a correspondence basis, in the same
manner as that of Mr. Simmons.

6.0 PFiscal Information

July 1, 1952 through September 30,1952

SO1Or168e o o« o« o o ¢ o o o o - o $2,324.00
WagoSe « ¢« o s« o ¢ o v s o « o « 1,132,50
Overhend on VWagos and Salaries. 1,420.62
Supplies and Materials e o » « « &« 116,22
EQuitmente « « « s o o ¢ o o o « o 495.19
Travsle o o o v ® # & o' o o ® & 149.18
7.0 Authorship

The writing of this report was coordinated t-—
the Assistant Project Suporvisor, Mr. Moyer, with ..o
active assistzance of Mr. Van dor Heven, who wrote up
the rosults cf thc pilst test, and Mr. Joncs, who
described thc rosults of th: prognostic chart experiment.
The drawings wero proparcd by the two last-morntioned
mon; and Dr. Panofsky collaborated with Mr. Jones in
preparing the Appendix. Tho editorship of the paper
was shared by Dr. Neub.rger and Mr. Moyer, and Mrs.
Mary Wngner did all tho sceretarial work as well as
the proof-recding.
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APPENDIX

Derivation of the Equation From Which the Varlance
of the Corrected Forecast Scores was Computed.

The variance from an arithmetic mean ia defined by
the relation

g2 X - )2
= e
wnere X 1s each participent's score for each fer-: .st,
X 1s the mean score for a particuler forecast type
(12« or 2l-hour foreocast, with or without prognostic

chart), and N is the total numter of forecasts in
each forecast type (1lll).

X must be adjusted bty adding e correction factor,
necessary to reduce all loracasts to the ssme degree
of difficulty. Thils correciion may be designated

by T and is defined &as X - X3, where X is the mean

of all forecast scores for each of the 12- and 24<hour
groups of six forecasts, and Xy is the aversaze for

any one of the six forscast scores (scores having

the benefit of prognostic charts averaged together with
those not having the orognostic charts), one for
l2-hour scores, the othor for 24-hour scores. Then
for each forecast type, the corrected variance, which
may be designated by gg2, bec mes

> B[(x+ T -X2

O = - (1)
A
or
> Z{ix - %) + T3

Expanding the right torm of equation (2),

(X - X)2 I(x - X)T 82
6'52 = + 2 + (3)
N N N
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The first term of the right side of equation (3) 1is

the variance of the uncorracted scores which may be
designated by o<, Tho second and third terms
ropresent the correction to be added to Gﬁ? to

arrive at the varianco of tho corrected forecast scores,
The summation 3ign in the sscond cnd third terms essential-
1y reprosonts two succossive summations: (1) 24 , the
sum of mon within each laboratory making one forecast;

and (2) %3 , the sum of all six forecasts cither with

or withoué prognostic charts. 33 in this experimont i
is over the six map-days; ¥. is over thc 18 or 19 1
man in cach laboratcrye. :

Rewriting 6gquation (3)

< ¢ - X0 7.2
0"2 =62 R 2Uin[(k X/Ci] . Zizjci
€ u R N

(4)

The forccost difficultr correction factor, Ci, is
congtant rogardloss of tlie number of men in oach
labcratory. Therefors, it is constont with respoct
to 2; and squation (L) bocomes

G5 =g + 2

2:8; (20X - X)1 2,382
+

, (5)
N N

The portion of the sccond term within thc brackets

in (5) m2y bo expanded: ZI.X - 3iX. The term

24X is th: summatioh of tho avor:age sceres

fgr each of the Tfour forcenst types for the six map t
dnys and may be dosignatcd by mX, where m is either {
18 or 19 in this e xperiment. The term Xj ,

tho avoragse score »f o2ch forccast typo for any

particular forecast, 13 defincd as

I ¥
o
Raarronging,
SyR = mRy (7]
The terms 3;Xy and 3I:X (withtn brackets in
equation 5) may bo 8xprossed as follows:

The difforcnco betweon the avorage in aach laboratery
score for one forecast and the average for tho six



forecasts may be oxpressed by ¥ o Xy. The differonce

is coastant for each forecast and moy “be dosignatecd
as Gy . Tnerofore,

81()( - X) = m(xi -X) =« mCi (9)
substituting (9) inte (5)

— -— — 2
2 _ 5-2 zzicimci R Zimci
& "9 X N

With this equation the veaerianco of the correct:d
scores wns computed.

(10)

)
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